(23.5%), predominantly in MDS patients. Four patients had suspected drug-related ophthalmologic abnormalities. Outcomes in Japanese patients were generally consistent with the overall population. Results confirm deferasirox efficacy in patients with rare anemias, including a Japanese subpopulation. The safety profile was consistent with previous studies and ophthalmologic parameters generally agreed with baseline values (EUDRACT 2006-003337-32).
The efficacy and safety of once-daily deferasirox treatment in reducing or maintaining body iron has been demonstrated in several studies involving large numbers of patients with a variety of transfusion-dependent anemias [13] [14] [15] [16] [17] [18] [19] including subpopulations of patients with rare anemias, such as MDS and AA [13, 15, [20] [21] [22] [23] [24] [25] [26] [27] . However, studies evaluating oral iron chelation therapy among Japanese patients, in particular, are lacking. Epidemiological surveys of iron-overloaded Japanese patients, most of whom had MDS or AA, have revealed that administering deferoxamine in an outpatient setting can be a barrier to optimal chelation outcomes [28, 29] . Furthermore, mortality rates were higher among patients with increased serum ferritin levels ( ≥ 1,000 vs. <1,000 ng/ml), with liver and cardiac dysfunction being the primary cause of death. Data on the efficacy of deferasirox in a large population of Japanese patients would thus be of clinical benefit.
The aim of this study was to evaluate the efficacy and safety of deferasirox, dosed according to transfusional iron intake and therapeutic goal, in patients with transfusionrelated iron overload associated with anemias other than β-thalassemia or sickle-cell disease. Assessment of the deferasirox safety profile included specific analysis of hepatic, renal and ophthalmologic parameters; notable abnormalities related to these areas have already been identified [30] . In addition, the study aimed to evaluate the efficacy of deferasirox in a large subpopulation of Japanese patients.
Patients and Methods

Patients
Enrolled patients were male or female patients aged ≥ 2 years with transfusional iron overload due to low/intermediate-risk MDS (Int-1, as determined by the International Prognostic Scoring System), AA or other congenital or acquired anemias (including Diamond-Blackfan anemia, myelofibrosis or specific enzyme deficiency, but excluding β-thalassemia and sickle-cell disease). A lifetime transfusion history of ≥ 20 units (approx. 100 ml/kg) of packed RBC or serum ferritin >1,000 ng/ml was also required. Exclusion criteria included serum creatinine above the upper limit of normal (ULN), alanine aminotransferase levels >5 times ULN, a urinary protein/creatinine ratio >0.5 mg/mg and a history of human immunodeficiency virus or hepatitis B or C. The study was conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki. It was approved by the relevant independent ethics committee or institutional review board at each site. Informed consent during screening and before enrolling into the extension phase was obtained.
Study Design
This phase II study CICL670A2204 (EUDRACT 2006-003337-32) was an open-label, multicenter, single-arm study to assess the efficacy and safety of deferasirox in patients with MDS, AA and other rare anemias. It was a 1-year trial, with an option of continuing into the extension phase, if the investigator deemed that continued chelation was required based on liver iron concentration (LIC) assessment by magnetic resonance imaging (MRI).
The initial recommended dose was 20 mg/kg/day. For patients receiving more frequent transfusions, i.e. >14 ml/kg/month defined as >4 units (200 ml/unit) packed RBC/month, 30 mg/kg/day was recommended. For patients receiving less frequent transfusions, i.e. <7 ml/kg/month defined as <2 units (200 ml/unit) packed RBC/month, 10 mg/kg/day was recommended. The maximum dose allowed was 40 mg/kg/day. Dose adjustments were made based on therapeutic response to the drug and continuous assessment of safety markers including serum creatinine, serum aminotransferase or the development of a skin rash.
The primary efficacy end point was the absolute change in LIC from baseline to the end of year 1. Secondary end points included an absolute change in LIC after 2 years, a change in serum ferritin after 1 and 2 years, changes in LIC and serum ferritin in Japanese patients and safety and tolerability parameters (including ophthalmologic changes) in both Japanese and non-Japanese patients.
Assessments
A validated R2-MRI (FerriScan ® ) technique [31] was used to assess the absolute change in LIC from baseline at the end of year 1 and year 2. Serum ferritin was evaluated at a central laboratory at baseline and then monthly throughout the study.
Safety was evaluated through continuous monitoring and recording adverse events (AEs), serious AEs (SAEs) and monthly evaluation of liver and renal parameters. Ophthalmologic parameters, including visual acuity, tonometry and photography of the retina and optic nerve, were assessed at 6-monthly intervals.
Statistical Methods
A 95% confidence interval (CI) for the mean absolute change in LIC was calculated based on the normal distribution. This corresponded to a hypothesis test with a 1-sided significance level of α = 0.025. Efficacy was assessed in a per-protocol set 1 analysis (PP1) which included all patients with LIC assessments at baseline and after 1 year, and in a per-protocol set 2 analysis (PP2) which included patients with LIC values at baseline and at the end of 2 years. Sensitivity analyses were performed for both the 1-year and 2-year analyses based on the safety set. For patients who withdrew from the study prior to the year 1 LIC measurement, the sensitivity analyses used the last observation for the year 1 time point. The safety set consisted of all patients who received at least one dose of study drug.
Results
Patient Disposition and Baseline Demographics and Characteristics
The study was conducted between October 2007 and February 2012 in 31 centers across five countries (Japan, Poland, Singapore, Spain and Turkey). In total, 102 patients were enrolled ( fig. 1 ) , 68 of whom (66.7%) completed 1 year of the study. Overall, 57/102 patients (55.9%) continued into the extension phase, 52 of whom (91.2%) completed 2 years of deferasirox treatment. Overall, 56 (54.9%) patients were Asian, including 53 patients from Japan ( table 1 ). However, 22 and 27 Japanese patients as well as 30 and 34 non-Japanese patients were excluded from PP1 and PP2, respectively; this was as a result of missing data (patients did not fulfill the criteria of having an MRI LIC assessment at both baseline and at the end of year 1 or year 2 within the required time windows). There were no differences in discontinuations, either in patients with different ethnicities (Japanese and non-Japanese) or in patients with different anemias. Over half of the patients had LIC ≥ 15 mg Fe/g dry weight (d.w.), with differences in baseline LIC and serum ferritin from underlying anemia ( table 1 ) . Overall, baseline LIC and serum ferritin values were lowest for patients with other rare anemias and highest in patients with AA.
Deferasirox Dosing and Exposure
The mean ± standard deviation (SD) actual deferasirox dose was 17.8 ± 6.4 mg/kg/day (17.4 ± 5.4, 15.2 ± 5.3 and 20.6 ± 7.6 mg/kg/day for MDS, AA and other rare anemias, respectively) with an overall median exposure to deferasirox of 90.5 weeks (range 1-119 weeks) for the 102 enrolled patients. Exposure was 94.4 weeks for MDS patients, 52.0 weeks for AA patients and 102.9 weeks for patients with other rare anemias.
Use of concomitant medications and significant nondrug therapies were reported in 97 (95.1%) patients overall. Concomitant macrolide and antibiotic use were generally comparable among the underlying anemias. Ophthalmologic preparation of the calcineurin inhibitor, cyclosporine, was most frequently used concomitantly in patients with AA (n = 13, 44.8%).
Dose adjustments and interruptions were required in 90 patients (88.2%). Patients with other rare anemias had more of these than patients with MDS and AA, with the median duration of interruption (21.5 days) being 2-fold higher than in MDS and AA patients. The most frequent cause for dose adjustments and/or interruptions was an AE, both overall (n = 71, 69.6%) and within each patient group [MDS: n = 33 (78.6%), AA: n = 23 (79.3%) and other rare anemias: n = 15 (48.4%)]. The most common AEs requiring dose adjustment or interruption were increased serum creatinine in 19 (18.6%) patients (MDS: 23.8%, AA: 24.1% and other rare anemias: 6.5%) and renal impairment in 9 (8.8%) patients (MDS: 7.1%, AA: 17.2% and other rare anemias: 3.2%). Overall, 13.7% of patients experienced an AE that led to discontinuation of the study drug, with pyrexia (2%) and hypersensitivity (2%) being the most frequent (i.e. in ≥ 2 patients).
Efficacy of Deferasirox Changes in Liver Iron Concentration
At the end of year 1 for the 50 patients evaluated (PP1), the mean absolute change in LIC was -10.9 ± 11.9 mg Fe/g d.w. (95% CI -14.3 to -7.5; p < 0.001; fig. 2 a) . The overall mean relative change in LIC was -42.9%. Similar results were seen for each underlying anemia, with a slightly greater decrease in patients with AA. Absolute changes in LIC were -10.1 ± 13.3 (95% CI -16.0 to -4.2), -13.1 ± 13.6 (95% CI -22.3 to -4.0) and -10.6 ± 8.9 mg Fe/g d.w. (95% CI -15.1 to -6.0) for patients with MDS, AA and other rare anemias, respectively.
Among the 41 patients who had an LIC measurement in year 2 (PP2), the mean absolute change in LIC from baseline was consistent with year 1 ( fig. 2 b) Values denote n (%), unless otherwise indicated. a Including congenital hemolytic anemia, pure red-cell aplasia, Diamond-Blackfan anemia, congenital erythropoietic porphyria, hypoplasia (medulla ossium), chronic myeloproliferative disease, myelofibrosis, congenital dyserythropoietic anemia, α-thalassemia, hereditary spherocytosis and Fanconi's anemia. Changes in Serum Ferritin Serum ferritin decreased by a median of 922 ng/ml (range -11,150 to 1,770 ng/ml) after 1 year of deferasirox treatment and 1,198 ng/ml (-17,250 to 3,810 ng/ml) after 2 years ( table 3 ) . The highest median percentage change in serum ferritin (-49%) was observed in AA patients after 1 year, although this group had the fewest patients (n = 11) and the largest baseline range.
Efficacy of Deferasirox in Japanese Patients
The median age of the MDS patients was 66.5 years for the Japanese patients versus 67.5 years for the nonJapanese patients. Non-Japanese patients had a substantially lower median age (22.0 and 11.0 years, respectively) than Japanese patients (57.0 and 40.0 years, respectively) in the groups with AA and other rare anemias. Mean baseline LIC was higher in patients with AA (29.2 ± 15.8 mg Fe/g d.w.) than in those with MDS (27.7 ± 17.5 mg Fe/g d.w.) and those with other rare anemias (27.0 ± 14.2 mg Fe/g d.w.). Median serum ferritin levels were 3,665, 3,385 and 2,740 ng/ml in AA, MDS and other rare anemia patients, respectively. The mean actual deferasirox dose was 15.7 ± 5.40 mg/kg/day, compared with 20.0 ± 6.69 mg/kg/ day for non-Japanese patients. The median duration of exposure was 96.4 weeks for Japanese patients (n = 53) and 81.3 weeks for non-Japanese patients (n = 49).
Among the 31 Japanese patients, the mean absolute change in LIC was -13. fig. 2 ) . The decrease was slightly greater in magnitude than observed for the overall population (-10.9 mg Fe/g d.w.). The median absolute decrease in serum ferritin after 1 year (-1,600 ng/ml, range: -11 to 150-1,770) was higher than for non-Japanese patients (-427 ng/ml, range: -2,767 to 1,123). A similar trend observed at the end of 2 years showed the median absolute change was -1,952 ng/ml (-17,250 to 3,810 ng/ml) and -155 ng/ml (-1,717 to 1,115 ng/ml), respectively. Of note, median baseline serum ferritin levels were higher in Japanese patients (3,370 ng/ml, range: 538-27,550) compared with non-Japanese patients (2,241 ng/ml, range: 110-8,171).
Safety Parameters Adverse Events
Regardless of causality, AEs were observed in 97 (95.1%) of the 102 patients overall. The most common were pyrexia (n = 31, 30.4%) and nasopharyngitis (n = 30, 29.4%), and were more common in patients with MDS and AA than in patients with other rare anemias.
AEs with a suspected relationship to the study drug were reported in 65 patients (63.7%; table 4 ). A lower incidence of AEs (32.3%) was observed in patients with other rare anemias than in MDS (83.3%) and AA patients (69.0%). The most frequent AE related to the study drug was increased serum creatinine (23.5%), with the highest incidence in patients with MDS. SAEs were reported in 45.1% patients ( table 4 ). Of these, 9.8% had a suspected relationship to the study drug and were comparable between anemias. Pyrexia and hypersensitivity were the most frequently reported, with 2 cases in each, i.e. MDS 4.8% and AA 6.9%. No other SAEs were reported in more than 1 patient. One patient (3.2%) in the 'other rare anemia' group presented with a moderate cataract.
Overall, 14 patients died during the study. Ten deaths occurred between the start of the study drug and 28 days after the last dose, 3 occurred >28 days after the last dose and 1 occurred at an unknown date (on or after day 28 after the last dose). Twelve of the patients who died were PP1 was performed after year 1 and PP2 was performed after year 2.
older patients ( ≥ 55 years) and 10 were Japanese. One death, which occurred as a result of pneumonia in a 70-year-old female Japanese patient with MDS, was suspected by the investigator to be related to the study drug. The remaining 13 were considered to not be related to the study drug; 5 occurred in patients with MDS [due to a deterioration in their general health (n = 2, and 1 also experienced marasmus), cardiac failure, disseminated intravascular coagulation and septic shock (n = 1), a gastrointestinal ulcer (n = 1) or disease progression (n = 1)], 4 occurred in patients with AA [cerebellar hemorrhage (n = 1), disseminated intravascular coagulation (n = 1), traumatic hemorrhage (n = 1) or AA and pneumonia (n = 1)] and 4 occurred in patients with other rare anemias [progression of myelofibrosis (n = 2), systemic fungal infection (n = 1) or no specific cause (n = 1)].
Ophthalmic Assessment At year 2, long-term ocular data were available for 50 patients. By clinical assessment, significant abnormal results were reported in 10 patients (20.0%). Eight of these had clinically significant abnormalities at baseline, 1 was normal at baseline and 1 had no baseline assessment. Four patients with abnormal ocular findings had a suspected relationship to the study drug; 3 had cataracts and 1 had a retinal hemorrhage with lenticular opacities. Three patients were older than 60 years.
Laboratory Abnormalities
Increases in aspartate aminotransferase >5 times ULN and >2 times baseline value occurred in 2 patients, i.e. in 1/42 patients with MDS (2.4%) and in 1/31 patients with other rare anemias (3.2%). Alanine aminotransferase >5 times ULN and >2 times baseline value occurred in 6 patients, i.e. in 3/42 patients with MDS (7.1%) and in 3/31 patients with other rare anemias (9.7%). There were no differences in hepatic parameters between the underlying anemias.
Two consecutive serum creatinine increases >ULN and >33% from baseline occurred in 37 patients (36.3%); there were more in the MDS (n = 17) and AA patients (n = 15) than in the group with other rare anemias (n = 
Safety of Deferasirox in Japanese Patients
Over 2 years of deferasirox treatment, safety parameters in Japanese patients were generally comparable to the overall population. However, 10/14 of the deaths were Japanese patients; 9 of these occurred in patients who were ≥ 55 years old.
Discussion
Effective management of iron overload in transfusiondependent patients with anemias such as MDS or AA has been shown to improve time to progression of the disease and overall patient survival [4, 5, 7, 9, 10, 12, 22] . This study provides additional long-term data on efficacy and safety for tailored deferasirox therapy in patients with MDS, AA or other rare anemias, and includes the assessment of a large population of Japanese patients. The findings show clinically relevant reductions in body iron burden as assessed by both LIC and serum ferritin, based on an adjusted dosing strategy considering transfusional iron intake, treatment goals, therapeutic response and safety assessments; as such, most patients received dose adjustments (88.2%). A large proportion of patients had severe liver iron overload at baseline (mean ± SD LIC 24.5 ± 15.6 mg Fe/g d.w.), which decreased by 10.9 ± 11.9 mg Fe/g d.w. after 1 year of deferasirox therapy (95% CI -14.3 to -7.5; p < 0.001) and by 13.5 ± 14.1 mg Fe/g d.w. after 2 years (95% CI -18.0 to -9.1) with an average deferasirox dose of 17.8 ± 6.4 mg/kg/day. Clinically relevant reductions in serum ferritin were also observed over this time course.
In this study, LIC was assessed by means of MRI. Although serum ferritin is commonly used as an indirect measure of LIC, it has recently been demonstrated that patients with MDS may have severely elevated LIC despite only moderately elevated serum ferritin levels [32] . This indicates that, in these patients, iron accumulates more rapidly than was previously assumed. Overall, changes in both LIC and serum ferritin were generally consistent with the results of earlier studies, including those from the MDS and AA subpopulations of the EPIC study [13, 15, [20] [21] [22] [23] [24] [25] [26] [27] . In our study, baseline LIC and serum ferritin levels were lower in patients with other rare anemias than in those with MDS and AA, but changes in both parameters were similar in all 3 groups. Changes in LIC following 2 years of treatment were more variable than at 1 year as a result of the smaller number of patients. They nevertheless confirmed the 1-year results, showing a clinically significant, absolute change in LIC overall.
Deferasirox was generally well-tolerated with no unexpected toxicities and the safety profile was consistent with that observed in previous studies on patients with a variety of underlying conditions [13-21, 23, 24, 26, 27] . AEs in general and those with a suspected relationship to the study drug were more frequent in patients with MDS or AA than in patients with other rare anemias. Possible explanations for this include: the greater age of patients with MDS, i.e. 63.6 years vs. 48.9 years (AA) and 25.4 years (other rare anemias), the neoplastic nature of the disease and more rapid deterioration than with other nonmalignant disorders and the impact of preexisting comorbidities and concomitant medications. These explanations are considered the reason for the higher discontinuations due to AEs previously reported in MDS patients compared with patients with thalassemia or SCD [13] . Furthermore, the rates of drug-related AEs and SAEs in patients with MDS and AA from our study appeared to be higher than previously observed in the EPIC study [13, 18, 24] , with a higher frequency of increases in serum creatinine being reported. The reasons for this are not clear, but it may have been due to the heterogeneity of patient populations as a result of underlying conditions and ongoing therapies (other than iron chelation therapy).
The most common investigator-reported drug-related AE reported was increased serum creatinine. Incidences were higher in the MDS group than in patients with AA and other rare anemias, which could have been due to the older age and general susceptibility to renal changes in the MDS patients. Furthermore, approximately two thirds of the patients who received concomitant ophthalmic calcineurin inhibitors, which are known to contribute to renal dysfunction [33] , experienced notable increases in serum creatinine. Renal function in patients receiving deferasirox and concomitant calcineurin should therefore be closely monitored. Other studies have also demonstrated deferasirox dose-dependent serum creatinine increases, although these are usually within normal limits, and nonprogressive and reversible with dose reduction and/ or interruption [14] [15] [16] [17] [18] [19] 24] . Only 1 of the 14 deaths reported was suspected to be related to the study drug and it was reported in the posttreatment period (the principal cause of death was pneumonia). Ophthalmological data over 2 years remained generally consistent with the values observed at baseline. Although 4 patients were reported to have ophthalmologic AEs that were suspected by the investigator to be related to the study drug, these generally occurred in older patients, and such conditions are usually associated with increased age [34] .
Of the 102 patients, more than half were Japanese, mostly in the AA or MDS subpopulations, with variations in mean age across their underlying anemias. Despite some differences in baseline characteristics, the results demonstrate that changes in the primary efficacy end points for Japanese patients were consistent with the overall population. The overall safety profile was also generally consistent between Japanese and non-Japanese patients, but there were more deaths in the Japanese subgroup (10/14 deaths overall occurred in Japanese patients); this may be related to the higher number of Japanese patients (26/53, 49%) than non-Japanese MDS patients (n = 16/49, 33%) in the MDS population. In addition, the median age of patients with AA or other rare anemias was higher in Japanese than in non-Japanese patients, and deaths occurred largely in older patients, many of whom suffered from leukopenia (absolute neutropenia), with febrile neutropenia and/or sepsis or systemic infections or other disease complications. As such, most deaths were not attributed to iron chelation therapy, but to systemic disorders or complications associated with an underlying disease.
In summary, the efficacy and safety of deferasirox in this study over a 1-year and 2-year treatment period were consistent with previous studies on patients with MDS, AA and other rare anemias. In order to optimize clinical outcomes, iron chelation treatment, including dose optimization, should be tailored according to individual patient requirements. The prospective results presented here indicate that deferasirox is an effective and well-tolerated oral iron chelator for the treatment of transfusiondependent, iron-overloaded patients with MDS, AA and other rare anemias. These findings will further contribute to understanding and updating guidelines for the management of iron overload and tailoring treatment. They are therefore valuable for informing physicians regarding treatment decisions.
